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(54) FILM REACTION APPARATUS AND GAS SYNTHESIS SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a film reaction 
apparatus, and a useful gas generation method, a 
denitration method, and an oxygen manufacturing 
method using the apparatus. 

SOLUTION: A gas synthesis system is equipped with a 
compressing means 1 3 which compresses an exhaust 
gas 1 2 from a boiler 1 1 for driving a generator 1 0, a heat 
exchanger 1 5 as a heating means which heats the 
compressed gas 1 4, a film reaction apparatus 1 7, in 
which a high pressure chamber 17H for high partial 
oxygen pressure and a low pressure chamber 1 7L for 
lower partial oxygen pressure are separated from each 
other with an oxygen ion-electron mixed electric 
conductive ceramic film 1 6 as a separating wall, and a 
heating means 1 8, which heats the film reaction 
apparatus 17. 
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LAID OPEN unexamined 

JAPANESE PATENT APPLICATION 
Publication No. 2002-012401 

[Claims] and Paragraphs [0063] through [0065] 

[Claims] 

[Claim 1] A film reaction apparatus, wherein; 

a partial pressure of an oxygen gas in one of surfaces of an oxygen 
ion-permeable conductor ceramic film is increased while a partial pressure 
of an oxygen gas in the other of the surfaces thereof is reduced; 

a combustion exhaust gas is supplied to one of the surfaces with a 
high oxygen gas partial pressure and a gas containing hydrocarbon is 
supplied to the other of the surfaces with a low oxygen gas partial 
pressure; 

a temperature is maintained within a range from 200 °C to 
1200 °C; 

oxygen is drawn from the combustion exhaust gas or from a nitride 
oxygen in the combustion exhaust gas; 

an oxygen ion and an electron are transferred in the oxygen 
ion-permeable conductor ceramic film; and 

hydrocarbon such as CH* in the supplied gas is partially oxidized 
with the transferred oxygen ion to obtain CO and H 2 . 
[Claim 2] A film reaction apparatus, wherein: 

a partial pressure of an oxygen gas in one of surfaces of an oxygen 
ion-permeable conductor ceramic film is increased while a partial pressure 
of an oxygen gas in the other of the surfaces thereof is reduced by 
evacuation; 

a combustion exhaust gas is supplied to one of the surfaces with a 
high oxygen gas partial pressure; 

a temperature is maintained within a range from 200 °C to 
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1200 °C; 

oxygen is drawn from the combustion exhaust gas; 

an oxygen ion and an electron are transferred in the oxygen 
ion-permeable conductor ceramic film; and 

oxygen is obtained from the transferred oxygen ion. 
[Claim 3] A film reaction apparatus, wherein: 

a partial pressure of an oxygen gas in one of surfaces of an oxygen 
ion-permeable conductor ceramic film is increased while a partial pressure 
of an oxygen gas in the other of the surfaces thereof is reduced; 

a combustion exhaust gas is supplied to one of the surfaces with a 
high oxygen gas partial pressure and an inert gas is supplied to the other of 
the surfaces with a low oxygen gas partial pressure; 

a temperature is maintained within a range from 200 °C to 
1200 °C; 

oxygen is drawn from the combustion exhaust gas; 

an oxygen ion and an electron are transferred in the oxygen 
ion-permeable conductor ceramic film; and 

oxygen is obtained from the transferred oxygen ion. 
[Claim 4] A film reaction apparatus, wherein: 

a partial pressure of an oxygen gas in one of surfaces of an oxygen 
ion-permeable conductor ceramic film is increased while a partial pressure 
of an oxygen gas in the other of the surfaces thereof is reduced; 

air is supplied to one of the surfaces with a high oxygen gas partial 
pressure and a gas containing hydrocarbon is supplied to the other of the 
surfaces with a low oxygen gas partial pressure; 

a temperature is maintained within a range from 200 °C to 
1200 °C; 

oxygen is drawn from the air; 

an oxygen ion and an electron are transferred in the oxygen 
ion-permeable conductor ceramic film; and 

hydrocarbon such as CH4 in the supplied gas is partially oxidized 
with the transferred oxygen ion to obtain CO and H2. 
[Claim 5] A film reaction apparatus, wherein: 

a partial pressure of an oxygen gas in one of surfaces of an oxygen 
ion-permeable conductor ceramic film is increased while a partial pressure 
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of an oxygen gas in the other of the surfaces thereof is reduced by 
evacuation; 

air is supplied to one of the surfaces with a high oxygen gas partial 
pressure; 

a temperature is maintained within a range from 200 °C to 
1200 °C; 

oxygen is drawn from the air; 

an oxygen ion and an electron are transferred in the oxygen 
ion-permeable conductor ceramic film; and 

oxygen is obtained from the transferred oxygen ion. 
[Claim 6] A film reaction apparatus, wherein; 

a partial pressure of an oxygen gas in one of surfaces of an oxygen 
ion-permeable conductor ceramic film is increased while a partial pressure 
of an oxygen gas in the other of the surfaces thereof is reduced; 

air is supplied to one of the surfaces with a high oxygen gas partial 
pressure and an inert gas is supplied to the other of the surfaces with a low 
oxygen gas partial pressure; 

a temperature is maintained within a range from 200 °C to 
1200 °C; 

oxygen is drawn from the air; 

an oxygen ion and an electron are transferred in the oxygen 
ion-permeable conductor ceramic film; and 

oxygen is obtained from the transferred oxygen ion. 
[Claim 7] A gas synthesizing system, comprising a gas compressing means 
for compressing a combustion exhaust gas, a heating means for heating the 
compressed gas to a high temperature, the film reaction apparatus as set 
forth in Claim 1, and a heating means for heating the film reaction 
container, wherein: 

hydrocarbon is supplied to the oxygen ion-permeable conductor 
ceramic film; 

oxygen is drawn from the combustion exhaust gas or from a 
nitrogen oxide contained in the combustion exhaust gas; 

an oxygen ion and an electron are transferred in the oxygen 
ion-permeable conductor ceramic film; and 

hydrocarbon such as CH4 in the supplied gas is partially oxidized 
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with the transferred oxygen ion to obtain CO and H 2 . 

[Claim 8] A gas synthesizing system, comprising a gas compressing means 
for compressing a combustion exhaust gas, a heating means for heating the 
compressed gas to a high temperature, the film reaction apparatus as set 
forth in Claim 2, and a heating means for heating the film reaction 
container, wherein: 

a partial pressure of an oxygen gas in one of surfaces of an oxygen 
ion-permeable conductor ceramic film is reduced by evacuation; 

oxygen is drawn from the combustion exhaust gas or from a 
nitrogen oxide contained in the combustion exhaust gas; 

an oxygen ion and an electron are transferred in the oxygen 
ion-permeable conductor ceramic film; and 

oxygen is obtained from the transferred oxygen ion. 
[Claim 9] A gas synthesizing system, comprising a gas compressing means 
for compressing a combustion exhaust gas, a heating means for heating the 
compressed gas to a high temperature, the film reaction apparatus as set 
forth in Claim 3, and a heating means for heating the film reaction 
container, wherein: 

an inert gas is supplied to the oxygen ion-permeable conductor 
ceramic film; 

an oxygen ion and an electron are transferred in the oxygen 
ion-permeable conductor ceramic film; and 

oxygen is obtained from the transferred oxygen ion. 
[Claim 10] A system for producing air with a high concentration of oxygen, 
the system comprising: 

a film reaction apparatus wherein a partial pressure of an oxygen 
gas in one of surfaces of an oxygen ion-permeable conductor ceramic film 
is increased while a partial pressure of an oxygen gas in the other of the 
surfaces thereof is reduced, a combustion exhaust gas is supplied to one of 
the surfaces with a high oxygen gas partial pressure and air of a normal 
pressure is supplied to the other of the surfaces with a low oxygen gas 
partial pressure, a temperature is maintained within a range from 200 °C 
to 1200 °C, oxygen is drawn from the combustion exhaust gas, an oxygen 
ion and an electron are transferred in the oxygen ion-permeable conductor 
ceramic film, and air with concentrated oxygen is obtained from the 
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transferred oxygen ion; 

a gas compressing means for compressing a combustion exhaust 
gas in one of the surfaces with a high oxygen gas partial pressure, 

a heating means for heating the compressed gas to a high 
temperature; and 

a heating means for heating the film reaction container, 

wherein air with concentrated oxygen is obtained. 
[Claim 11] A gas synthesizing system, comprising a gas compressing 
means for compressing air, a heating means for heating the compressed 
gas to a high temperature, the film reaction apparatus as set forth in Claim 

4, and a heating means for heating the film reaction container, wherein: 

hydrocarbon is supplied to the oxygen ion-permeable conductor 
ceramic film; 

an oxygen ion and an electron are transferred in the oxygen 
ion-permeable conductor ceramic film; and 

hydrocarbon such as CH4 in the supplied gas is partially oxidized 
with the transferred oxygen ion to obtain CO and H2. 
[Claim 12] A gas synthesizing system, comprising a gas compressing 
means for compressing air, a heating means for heating the compressed 
gas to a high temperature, the film reaction apparatus as set forth in Claim 

5, and a heating means for heating the film reaction container, wherein: 

a partial pressure of an oxygen gas in one of surfaces of an oxygen 
ion-permeable conductor ceramic film is reduced by evacuation; 

an oxygen ion and an electron are transferred in the oxygen 
ion-permeable conductor ceramic film; and 

oxygen is obtained from the transferred oxygen ion. 
[Claim 13] A gas synthesizing system, comprising a gas compressing 
means for compressing air, a heating means for heating the compressed 
gas to a high temperature, the film reaction apparatus as set forth in Claim 

6, and a heating means for heating the film reaction container, wherein: 

an inert gas is supplied to one of surfaces of the oxygen 
ion-permeable conductor ceramic film, 

an oxygen ion and an electron are transferred in the oxygen 
ion-permeable conductor ceramic film; and 

oxygen is obtained from the transferred oxygen ion. 
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[Claim 14] A system for producing air with a high concentration of oxygen, 
the system comprising: 

a film reaction apparatus wherein a partial pressure of an oxygen 
gas in one of surfaces of an oxygen ion-permeable conductor ceramic film 
is increased while a partial pressure of an oxygen gas in the other of the 
surfaces thereof is reduced, air is supplied to one of the surfaces with a 
high oxygen gas partial pressure and air of a normal pressure is supplied to 
the other of the surfaces with a low oxygen gas partial pressure, a 
temperature is maintained within a range from 200 °C to 1200 °C, 
oxygen is drawn from the air, an oxygen ion and an electron are 
transferred in the oxygen ion-permeable conductor ceramic film, and air 
with concentrated oxygen is obtained from the transferred oxygen ion; 

a gas compressing means for compressing the air supplied to one 
of the surfaces with a high oxygen gas partial pressure, 

a heating means for heating the compressed gas to a high 
temperature; 

the film reaction apparatus; and 

a heating means for heating the film reaction container, 
wherein air with concentrated oxygen is obtained. 
[Claim 15] The film reaction apparatus as set forth in Claims 1 and 4; 
wherein a catalyst active in partially oxidizing hydrocarbon is disposed in 
the low oxygen partial pressure side of the oxygen ion-permeable 
conductor ceramic film, on which CO and H 2 are obtained by partially 
oxidizing hydrocarbon. 

[Claim 16] The film reaction apparatus as set forth in Claims 1-3, wherein 
a catalyst active in decomposing NOx is disposed in the high oxygen 
partial pressure side of the oxygen ion-permeable conductor ceramic film, 
on which the combustion exhaust gas is supplied. 

[Claim 17] A gas synthesizing system, wherein methanol is synthesized 
from a synthesis gas obtained by the film reaction apparatus as set forth in 
Claim 1 or 4, using a methanol synthesizing means. 

[Claim 18] A gas synthesizing system obtained by combining the film 
reaction apparatus as set forth in Claim 2 or 3 with the film reaction 
apparatus as set forth in Claim 1 , wherein the steps of 

supplying a combustion exhaust gas to the film reaction apparatus 
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as set forth in Claim 2 or 3; 

drawing oxygen from the combustion exhaust gas; 

manufacturing a synthesis gas of hydrogen and carbon monoxide 
by the film reaction apparatus as set forth in Claim 1; and 

rendering a nitrogen oxide in the combustion exhaust gas harmless 
with said structure as well as synthesizing methanol from an obtained 
synthesis gas, using a methanol synthesizing means 

are performed in this order. 
[Claim 19] A gas synthesizing system obtained by combining the system 
as set forth in Claim 8 or 9 with the system as set forth in Claim 7, 
wherein the steps of 

supplying a combustion exhaust gas to the system as set forth in 
Claim 8, 9 or 10; 

drawing oxygen from the combustion exhaust gas; 

manufacturing a synthesis gas of hydrogen and carbon monoxide 
by the system as set forth in Claim 7; and 

rendering a nitrogen oxide in the combustion exhaust gas harmless 
with said structure as well as synthesizing methanol from an obtained 
synthesis gas, using a methanol synthesizing means 

are performed in this order. 
[Claim 20] A gas synthesizing system obtained by combining the film 
reaction apparatus as set forth in Claim 2 or 3 with the film reaction 
apparatus as set forth in Claim 1, wherein a synthesis gas and oxygen 
obtained are used as fuel gases of a fuel cell. 

[Claim 21] A gas synthesizing system using the film reaction apparatus as 
set forth in Claim 2 or 3, wherein obtained oxygen is used as a fuel gas of 
a coal gas furnace. 

Paragraphs [0063] through [0065] 

[0063] As shown in Figure 11, the present embodiment relates to the 
composite electric-power generation system including the gas turbine 52 
which generates electric power, using the natural gas 5 1 which is a fuel, 
the exhaust heat recovery boiler 54 using the exhaust gas 53 from the gas 
turbine 52 as a heat source, and the steam turbine 55 which generates 
electric power, using steam generated from the exhaust heat recovery 
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boiler 54, In this composite electric-power generation system, the 
exhaust gas 53 supplied from the gas turbine 52 to the exhaust heat 
recovery boiler 54 is sequentially supplied to a first stage film reaction 
apparatus 56A and a second stage film reaction apparatus 56B. Further, 
oxygen is manufactured by separating oxygen in the combustion exhaust 
gas in the first stage film reaction apparatus 56A and a nitrogen oxide in 
the exhaust gas is denitrated and the synthesis gas 57 is synthesized by 
partially oxidizing the natural gas 51 with the separated oxygen in the 
second stage film reaction apparatus 56B. 

[0064] The respective configurations of the first stage film reaction 
apparatus 56A and the second stage film reaction apparatus 56B are the 
same as shown in Figure 10. Figure 12 shows the outline of the 
operations thereof. As shown in the drawing, after only oxygen (pure 
oxygen) is drawn from the exhaust gas 53 so that the concentration of 
oxygen in the exhaust gas 53 is reduced in the first stage film reaction 
apparatus 5 6 A, a nitrogen oxide in the exhaust gas is denitrated and the 
synthesis gas 57 is synthesized by partially oxidizing the natural gas 51 
separately supplied to the lower pressure side with the oxygen separated 
from the nitride oxide in the exhaust gas in the second stage film reaction 
apparatus 56B. In a case where an inert gas is used for the lower 
pressure surface of the first stage film reaction apparatus 56A, where 
oxygen transmits, the exhaust gas can be effectively used by supplying 
part of nitrogen obtained from the high pressure side of the second stage 
film reaction apparatus 56B. 

[0065] The oxygen and synthesis gas obtained can be used as oxygen for 
combustion or the raw material of a synthesis gas for methanol synthesis, 
respectively. Alternatively, oxygen separated in the first stage film 
reaction apparatus 56 A and the hydrogen (H 2 ) synthesized with the 
synthesis gas 57 can be used as part of fuels to be used in the solid 
electrolyte-type fuel cell (SOFC) 71, as indicated in Figure 11 by a dashed 
line. 
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-arc* 9 . *r , mimw* &is** 2 xi4is** 3 <z> 

?l#Jft#, IS** 1 w)8?^!£E-e*3?, -gKb&3fc<o 

mimzmmtT* 1 1 tic '&hm,it.itm.x**:t * 

[00 26] [fS** 1 9] ro$gf^l4, IS**8XI4IS 
**9XI48S**l OWv-*-^ At IS** 7 7 a 
i&M^-S-fcHir-Oi'?, *i\ &&&JM/*£IS**8X 
(4IS**9XI4fS**l oro^f«U Wittft 
#**><0B@|?&3l£tfe#» IS**?^*? 1 

«t 9^^|:#**wg&i&t^£ft^i^* t i tic, 
[00 2 7] [IS** 20] <r>%mtt. IS** 2 XttJS 

**3roigiEiE&g§Ei:, m^KDmsjtmmt^m^- 

[00 28] CIS** 21] <DftW\±. IS** 2 XI4IS 

[00 29] CIS**2 2] W^tt, |3**4(7>«gS 
[0 0 3 0] 

[0031] ess 1 <D-£M<mm\ *&m<7>m 1 w^«e 

<?>WM*m 1 Srffl^TtttBJ-rs,, Ef 1 l4#3£S£co»a£tc 

-f J: 5 tc, *HJfi(D^^d^»S ^^^{4, 0iRf4Sl 
0^Sr®SH--5B^® 1 lfrbVB 

%m#* 1 2 srffifigt-sBBSg^ia; 1 3 1 , msmu-* 1 
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£l 7Ht1-5£#K«ll#£&&#J£ro<SVMSBE£l 7 
L b LTftSIKSJ£lK@ 1 7 b , Sgl8&/£3£® 1 7 Sr*Q 
*rt-*»*&¥IS! 1 8 i: £ AM LT#£ t tO-e*>5 0 
[00321-tLT, -blESti/EM 1 7 HttlCffin • -ft®. 

1 9&«*$-f5 bM^ {BE^i 7 LMicjKfbMC 
(^^.I4CH 4 tt) 2 O^WL.7t0iJ^.«?c^^Sr^ 
fb*^^®2 l^e>«i?^L, ±IE®S^3t->Sjat4 
10 3Mgft:-fe7 5 ^KS 1 6 &)S\m£& 1 8 (c<fc 9 MS* 
±|EffiRI • mmjfx l 9raflBMfeft4l»^&IMfr9l 
# s ±!2-tr 7 5 jx ? l 6 ^-C^sSi' ^->-St/m 

So 

[003 3] ±GAl4Ri¥6k 1 8 \&£m&<OTmX\L M 

LxmmjKMft 2 a t lt*j 0 , ^^iPinjii-s 

20 ri-CJIWUffl*«:iai±**TV>*. 

[0034] ±iE3setc«tn(4, ±E-t 7 5 v z *m 1 

fb7K^2 O^^fbLTCO^U^Hz ?r#Sri:j)s-C 

[0035] ±ei)tSf£3»B 1 7 <n®m / 7tm.<nwm*m 

S/S3Se 1 7 J4, ®S3g-f VjgiM£g®f*:-fc 7^/^^ 
IBSl 6co-*-<Offi(7?®?3g^$}-JIS:il5< LTiSJJE^l 7 

X&JEg. 1 7 L Srfl?fiK LT^CS t.<0-Cfo 9 , — ^r<73®^ 
^^^ffiwS5VNgn(^^^XT-$>6QE«g • i@Sifi#* 1 
9SrWijs&i-«t*ic, ftb^ro^^^^ffiSriev^SIc^ 
itfrm&tt-tZtfX 2 0 »M^R(IWfR2 1 

mtsrr z> b mz, tim^wt i 8 iz a k> mgj&mw 1 7 ^ 

roiiS^ 2 00-1 2 0 0X:\zm&U ±IE«Sj^#^^ 

r-fc^ffisg • Mmjfx 1 9 iw&mmm (no x) *» 

•y?xf&l eftxmm-J*'*' (O 2 -) SU 5 ®^ (e~ ) 
40 *r«**-ar-t*9» ?S««)jLfc^-r^-^ (O 2 ") |c«t 

[0036] f fcfc*,. ±IE®f^-Y^->-Siiit4^i*-fe 
7 5y^^Bll 6*PSigi:LT, -^iti®S!f^BE (ffi 
E117H) t-T5t*ic, ^?:ie®?^BE (i&ffi^ 
1 7 L) t U i^@^f^ffil»Jroffi"C^I4, T?E(4) 3£ 

id^ripfc. ^s-cm^f- (e- ) &%nmoxmm 

•Y^-v (O 2 -) 

1/2 O z +2 e" =0 2 ~ -(4) 

so [0037] igg-r^-v (o 2 -) (4^-y *>>&mm 
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«U TSS(4) S;K7jrf<fc?l^ <ggS&$MEM<Oi?Si-e 
fl^Sr&itiLT&Sl?;^ (O z ) ^LT, 

ztiitmitfrm ch 4 2oistf;u tie 

(5) iClc^-r«fc5J-> 05^bL-CCO, H 2 Sr^-T 

a. 

0 2 -=l/2 0 2 +2 e" -(5) 

J • x=D • k • (P L 0 2 _0 E 

rrr, ^ (i) 

J 11, ®^@iaita (cm 3 • m i n" 1 • c m" 2 ) 
xfl,. ffi®jjfa<Dm£ (cm) 

P H 0 2 fli§5®£?#/E (SUE) 

P L 0 2 lHggE5&#EE (SUE) -Cfo5„ 

[oo 3 9 j mm#&. (p L o 2 ) as-sett 

(A) Tfc^ii-St, ^f@iSi$SEliiiiK^ffiiC(?5 

[0040] ismt^^^muimm^ 1 ? s 
a. 

(1) ^-c^-v^t®^ 

^*v>3®^ll:*£^«5if#ii;L<, mtf, o. o o l 

(S/cm) £AJt, «fc9*flfel.<ll0. 0 1-1 0 0 (S 

/cm) t-raroasffsux, 

[004 1] (2) tfiW 

±mm-< *>m&vmm&± 7?-^^i6 

^m^liv **WSiflfr*L<, ^xtf, 0. 1 (S/c 
m) WJL, «t«9»$L<lil~l 000 (S/cm) i 

Uo ) ttt^m^ (oe) irll, — Jfetd a e > tr 0 

[oo42] o) mm. 

II, i$v Mi £ L < , 0i];LllO. 1 ~ 5 0 0 0 w mCO«£ 

Ba*#arc*-a#. i0#*L<»±i~i ooonmt 

[004 3] (4) ^<DW^S^>ffi® 
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CH 4 +1/2 0 2 — CO+2H 2 -(6) 

[0038] .tsEK/sn, lasjcTj^rjcpjc, mmxth 

SfcHSigiSSi: (J) t, S^^ffi (PO z ) <ogg^«, 
St (I) T*£*v5o 
Ph 0 2 -°- 6 ) - (I) 

10 [ 0 0 4 4 j (5) m<Drmm& 

ifi&ll, 200-1 500^ $f£L<J12 0 0— 1 2 
0 0K:k-fZ><Dfr£\,\ ±9, L< 115 0 OtRJb 

[0 0 4 5] (6) mj&#X(DlE?] 
S5ffi^l 7 HMcommftJEl*. 0. 0 1-4 OSUEE, 
L< HO. 0 1-1 0iSJ£b-r2><O&£\,\ 
20 1 7 L<»JCD®gft7W£, 10- 2 ~1 0- 30 SUE, L< 
(±1 0- 2 ~l 0" 25 ^JEt-rSCO^iV^ 

[0046] ±mm$'<*>'ffimz.mm.# j z7 s y?* 

^1 6i:LT(±, La> x S r x C o i- y Fe y O 3 (0< 
x<l,0<y<l)«ABO 3 -in:/*** t-ffigWb«J0>ifltffifc 

liSrFeC o 0 .s O x &mirr1r&Zb&X'%&, 

[0047] ±m£m-<*>'mm±mm.i*± : 7 % 

[0048] ±SB»e>4xfcWfflft-g-^^ 2 2 ttmtf 

^ ? y ~/w««>Mmft(c <fc u^^y — /njEfcawj: < 

[004 9] Cm2COSI/iS^fig] 05»4^2ro^J£cO 
(±. JBSSJS&E 1 7 £ LT^S^COg^^SiHtjg 

t?Rfti^3tsM*3 1 <7>mmwicmm<< *>-w®&m& 

t*±9 %y*xt&3 2 Sr^LTSi^5g3 3 Zmtfrt 

[0050] ±is^f$:3 1 1 lti±, 

b U Mz.t£m& J t5 ^ yp^^b^m^^ ^?b 
OOOWtW-SrilCttJ, ^Srt3i5T*# 

50 a. <Dg>ii i %3ctm<o$a.iLmtt 30-35 %-?*> 
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— Mb LTit^2 0~3 Omitu glS^S 1 ~ 3 m m i 

[oo5i] ms\z7rrrm&<r>wm(Dm^kz.\^ mm& 

1 2£ffifigLTiB5i&tKfii LTR«tro^W3 1 
0>rt»te#»U *&£«^ffl!]i: LT&Blc^b*& 
(CH 4 ) 3 4&^UT^-5CO-C, ±IE-fe7 5 5'^^ 

(S3 2 ic«t ►) Lizmmtsut Lxm$wauc x <o , 

Stftfi* (CO. H 2 ) St^LT^S, Jbge$> 
8£HM/*1 2Wftfc>?lc£^£fflv>.5;:i:lcJ:<9, ffift 

* 3 2 Sr W ^VflMTCSWl £ -fr, JMfc** 3 4 & 
«MMWWa C i:T\ *T/fi <5 lit 

[00 52] [m3roHSfi(^<S] 06l±^3<7>Hffi<7? 
TV >S KMftfbMtrJHM -bBE-fe 7 5 y * *JBS 3 2 lc 

^<5. rwao, ^usso^-m, mmmm. <jkw 

5o ±2E*ffitfe#x<73ttto9lcK£«|^, 
[00 5 3] CM4CO|?Jfic^^] 0 7l±^3cD^fe(D 

*tuTn««»sa*»3 i»rtSHciWi&L, fl-astc^ 

g^4r±3e-fe 7^5'^^flS32{d«t'5 ^g|$itT*5 <9 „ 
3 2Jd<tt)g^Sr»giLfc^ig;ffi*i9«co^x^ib 

Eto^f&tt^x 3 5 ictit»i-s c t -emu* awmm 
[0054] i2ro»i ( fH3<r>mtmmR 

[0 0 5 5] **5, &3co«^j&£S?4co^c^ 
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SUti fcRHttcff 5 r. t fc-C* *. 
[0056] *£GK0>&ffia> J: 5 Jc x ffl££tt 1 

7 Httftttft** l 2 fc#*rt-4ftt>9 

[ 0 0 5 7 ] _B£ Lfclg 2 75£?g 4 0%tt(ttl$ffitca»g6> 

zmutrnma^ Litm 1 fc^-r^at^® 1 7 <on 
10 iWAttsrtms. 

[0058] 5 CD3&5S<7?fl2f8] 5 ©l^fi 

<7?w&iaTS>^„ **jfficofl?^tt, &m.jJx-*p<Dmk* 

£. 08lC7rr*- e fc5».L, #3lifcc>fl£f£te, S?a^/^^4 
1 btmm.X*&4 l<7>m&*^}) 17 A (He) fcffll^ 
TEW5ir*'»'niB»SE»»4 2 b, #*ffl##5»8§4 2© 
Jlftfe^y !>A (He) £ffll/>TlEMXLfcAD$&3M&4 3£ 

<?, R1S!rtffl5$r<Sffi^4 4Lt-r5i*{c, Rlf^Sr 
Kffi^4 4 Hb U iftffift'|roRi§f*ffifti|(Cffi(?§LTS!f& 
t Lfc^4 5£#t*S-r£i:#le, fiBE«»rt««J^35«{ 
^fX (CH 4 ) 4 6£{ft*SU IKS^^S4 4T'^«tU 
fc«BlSiRrt:*-tt4rfc-e» ^rAft^ribyx (CO, H 

[0059] ime (ornmnteng] &mm(r>m 6 conja 
^fgia, itf ^ ^ - ^vac^m^KR^igBSrjiffl u 

[ 0 0 6 0 ] 13 9 tCTp-T J; 5 IC, 2^H»fi<D^flgtt s j» 
TfcS?ci^5 i(-J;»7^i-S^x^— e>5 2 
ir> tg^x^-t'^5 2A»ibro^X5 3&Wmb-t-& 

#msm.#-< 754t> fMmnBpR^ 75410:^ 

40 tK-Y 7 5 4 — tfeS&^n-S^X 5 3 &m5U£&B. 5 6 (' 

«»u ffliffi-rat*^^^ (co, h 2 ) 57© 

[006 1] -kfEJ&5l£3£B 5611010 (d^-fj; 5 
IC, Rffi^<D^Si*^6 ll^lcRfgi^co^i^e 2©S 

LT^SS^Ve 3SrH»LTJ5c*)» ?1gB£ii5/Eg6 1 
HIC LTJESg - UWRLfciMf* 5 3 SrPifaL, ^SB^ig 
BE^6 1 LjC^X^ — lf>-5 2 lc#f*&-r5^^x 5 1 
<D-M*mm-Z C t "C. 5 7 ?rMi&^-5 <fc o 

50 ICLTU-'So 
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[0062] m 7 <r>%mmm *&m<Dm i <om& 

5^5 3*^ 9?rmm (o 2 ) (o^&^riu * 
ioo63]iaii icTj^-r «t p(c *$m<DMmft. m 

2;fr><bw#iMr*5 3 Sr^i-fi 

sHKyamittY 9 5 4 fc v immsmtf-f 7541^035 

^UfclKft-e*«r*«ft^-K'^5 5 

tK-C 5 5 4 HWfc3*l..5*#* 5 3 1 RME&ffiB 
5 6A&&^8UKKJ^B5 6B&ldllfcttJ*U SSl 

m i.T®m<Dm&*Tz kmc $g 2 «nsje»B 5 6 
tsunami*, yjzt&tfx 5 1 *n4miki*x&&tfx 

5 7 Sr-g-^TS «fc p (C Lfct>c7)T-S><5„ 
[0 0 6 4] ±^l!UK6tt%B5 6A&tPg2&K 

kjs&b 5 6 b co^jiia 1 0 (7? t <*> i mmx-hz 0 0 

u ^>-em2©igjsx£;^@5 6Bt:-#7y^^<75 
mmmm* smr 5 t jr 2 sjbsk^b 5 6 b 

mm 5 6 Aco^^sjgia lt < s<seebi-, ^FStfetf * 

fcffi^SJMNCIl* S&2gyg|K^B5 6Broiiffiffi;!>> 
b'&btiZ&m<n-M&mrfZ^i:X\ muwmvh 

[006 5] ±fE#£;ft</c^^*#;*»4#^<D& 

rt*t$S«s, 121 l*3&$-e^«fc5lc:, ±15^51 
©BSSJfc&fiS 6A-e^$ixfcg8{? (O z ) k. -&f& 

i-v&tiL&vkMm (h 2 ) h*mfoimmm 
nm& ( s o f o 71 x-fflv ^ztimo-M t \,x&m 
-far. tkxzzo 

[0066] &mm<rwt&vtt* 012 {c^-r «t 5 tc s 

# ^Hfe-a-^ * 5 7 14 ^ ? / — Otitis* -r A 5 8 \z. 
<£ K) * 9 J — JU 5 9 &&tf£t2> <fc 5 LT^5 0 
[00 6 7] CSS 8 W^JfeW^] *3glp?CD3g 8 
(Df&m&mi 3*fflv>TUi^-t-a„ 01 3li;fc*igc7>^ 

JE(OJi?ffil4, ^m.11M\Lipfrh<D»ES&-H*.*:<$m\^X®. 
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[OO68]013 lC;Kt~£ 5 »-s *&afc0>ftftBl±, rt 
mzm&&fr5 =i>s<x? 8 1 V/<;*^ 8 1<7>± 
#Kfl^$;tx#;MI^(&£ff ? y ^ 9 8 2 £ SMI**: 

fcttttft 8 4 &#t^S^£3«*&¥#: 8 5 k . mm 

<r>&% mm) 8 6&iMrrz&%m:^&8 7 k. v 

?99 82 8 4 5«»R«¥S 8 

8 k*mz.x*z2fmm&*i\3p8 9k. 

10 0*8 9X^L1t£j8.tf7.9 0$:tHktZ?Hk¥®9 1 

^92^, SS^^ — t*V9 2c7>^^fx9 3£r*Wt7f 
i #^^ro®S(?-l:jSifS1-S)KSJe^fa9 4 t 

i^LTiSiffl.i: V,im#X 9 3 &tt#&-r-5 £#tc, {SBEfflS 
(TJ^.gBlcTfgtt^^. 9 5 Sr#t*& L, 9 4 T*# 

«S-fr«rit?, (o 2 ) Sr#4«t5»-U"C^5. 
20 rw#ibnyi:®^l4^ttif^©8 7tci^ipHT, jftft 

fc*»c»e>^asbdtt. ^^•fb^tHrro^iattiss (b 
op) ^ttiig-rs^xro-fflji: LTfijffl-rsrias-e 

[0069] i%9<n$m<nMMl 01 4l4^9cO|©S 
30 ^Jc*>75^8S®S$gBc7>«f»S0-efc*. 014 tcjfrf 

mas^Kti, ^i*3 lrtwuc^tTkid&^L, se» 

<*3 lco^ffiin^^^^4rttJ&i-S«^-Sr^L.fc 0 * 

{k*m*mm-z>w<v-t7 ? y^^«3 2 1^<*3 1 
(om^m^m<o^mimm9 e &s9;bl, 
mm*hw* Lxzitmmkm®mftEEmni7Ut*m<n 

O, H 2 ) Sr#SJ;5(cUT^.5 0 atjMKfbWttl^ttfe 

[00 70] [^1 0(Dia8©fffi] 01 514^1 0(73 

40 mimmzfrfrz^EMommx-ibz. misic 

3 1 <7>^ffli|(cj^6^^^§r«^&rs#^Sr^U 
fc. ^t**Srtti^-S«'lro-fe 7 5^^^113 2 
5^«i:3 1 <7)rt^(c^{k*pg(73SB^^kftbj!SE9 6 £19: 
BU iSK^ffi»^JSi®LT#7t®?^i:l£®S^ffi 

(CO, H 2 ) &#<5<fc p Jc LTV >5 0 S5#$S 
50 [007 1] 1 1 <D9mcoM1&] 0 l 6 I4|g 1 1 <T> 
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^^f8l-ri^S$KJ££SSw$f&0T-£>£o 0 1 6 ic 

±z*tt£&h, mmK-smx* (co. h 2 ) £#s«t 

[0072] imi 2<7>mrn<7>tem 01 7 warn 2© 
*tfot«*tt, 5a*»3irtmwwis*««^«&u 

&m<o-ws l < n^mz'm.mmmntmfm 9 7 & 

{IP t/^irro^JB-^L aosS r 0 . 2 C0O3 ttifiD'* 

10 0 7 3] [JBl 3fflISS(7)fffi] 01 8ligfl 3C0 
HJfi^filC7l^s®l5^^Bwt5lli&0-e&So 0181; 

fee mmmu* &#wa-r zm<o± v^.y^^m3 2kx 

»©»«»Mj»C»4 P t * f^S&JBI^L a os S r 0. 2 C 

oo 3 /<c^<7?--sn^*-i' ^^fb^nc^^fflr-t 

So 

[0074] tin <j>-$o&<rmm 0 1 9 tfsm 1 4 0? 
IQS^l-^A^^Si^^ScoM^T-fc-S,, 0191c: 
*+*M0S*W:» S^3 i^HM»J^Mt***^aeu 

3 1 <nftm\mmw**mfrr%%&tt\-> 

fco mtimnx. *Wfct S flMeo-tr 7 5 y y * Wk 3 2 icg 
i-£2ia$ft:3 1 wrtgp(c:^^b«j(o^tt^9 7 5:83: 

S-T5 £ t ICt <J , «^#W^tpro^^b%<75^«F 
P t&ifOS&JgS^L ao8 S r 0 . 2 C o O3 &,ftfWi3 
[ 0 0 7 5 ] 30*fr3 1 rortflWI^bTK**^ 

-rs^a-icii, i^£^9, $mMm\o, SiirmmM 

fig 1 2 Zm^tXtXiUm-tZ r t j)5T?^r s 3 1 

ro^H|ij|c:^b?k^4-Pi^-ra^lo:i±. 3fe&fcfl?fg 1 1 , 

mrnmm 1 3 . ikxi-mmm 1 4 zm^fritx&m-t 

[0 0 7 6] 
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200-120 oricfliffpu ±3mmw**v>wm 

*mh£*kXt£Z><DX, mmi,1tmik4 9, 
-kf2tfcf£Lfc#;**OCH4 *0£&fb*3f£gB#®MbL- 

•fcixtf, *&6^M/*i:»tf* (CH4 SO i>e>*riWf 

**m\z.mktz> r t a*-?* s. 
[oo77] [ts*« 2 ] <D#m\c <t*vii, gsfc-f 

Id, iiaS;2 0 0-1 2 0 0lC{c:i|£*$U ±I2^S«^^ 

mmm^mmts^ti^m^xm^itu 

[0078] mitm 3 ] co^B^ld J;nii. KSH'i' *^ 
ia^Sr 2 0 0-1 20 0 < CfC«i#U ±ffiB^P^ 

[0079] [|9#JI4 ] ro^l^(c: Utiti. BM-f 
mffiteMm,fc-t "7 %yt *m>—-X<rm(r>m&11*ViVE 
40 %Hli<-tZ>bM^ mX<DM(D8m# U 

ffe^rwKS^x^ffcDig^Slc^b*^ $r^i-S ^/^ 
^jiS-fS ?aS§:2 0 0 — 1 2 0 Otl'iftf?? 

jf&Ufc^f^tpwCH 4 ^^■fb7K^*rgC^{bLTCO 
SVHs Sr#Sri:^T-#S. icT, mim#x&M- 

50 ifWSBiiBt**. 
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[0080] [fs#js s ] <Dwm\c xtiti » mm* 
mm±m®#± ?%y>> *m<n-i}<nM<r>mm#x&m 
zm<-rzkm^ itUTvw&K&M&au mm**!* 

L, i&&&2 0 0-1 2 0 OtloNSSU 

s ±.wm* *>-mmmmi*-* ? % y 

srtms, 10 
[008 1] CtS*«6] «>«Mlcj:*ui, wm-i-Jr^ 

«5r200~120 0<C{C«t#U ±«f»54IMf 
[00 8 2] [»*)3C7] WJBUBKi.fcftli,. m*fott* 

9, ±w*»L*:>tr^*©cH4 m<r>mtfc.mzmtm. 30 
[0083] [t9*98 ] <7mm\z£tit£ , mam** 

^lc«t«j, ±IElt2B»«Lfc«llc«Bslf4r#*ri:aJ 40 

[0084] [J*#*9] «>«flte.fc*i.tf* m&ifctf* 

ftflfcraMI&^a:^ it#«3WlRR&3SitBi:. ±IES 
«Wfc^+*a«»^»i:«rlMBUrjJli»), -tent* 

[0 0 8 5] [fS*«l 0] £>38lp!(C,fc*l,tf, SeH"^ 50 



L-> -^®S(f7y^^JlcOi«V>ffi»c^#7yx5r#ji&1- 
iB£«r2 0 0~l 2 0 0CKJIWU ± 

$tufcs^*#a r k &*mk-rzm5j&mmi^^ 

fln^^t, ±tS.<DimU& ; 8imk, -kSE50E2g§g£r*lP8& 

r k #T-# -So 
[0086] itgjtm 1 1 ] wSSWc ituf, S^4rffi 

-rsapiiMNst, n#m4<Dmo&mm.k. ±.mBuzm 
&*mm-t z>w®&wt k l-c& k> , ±12®?^ a- 

[008 7] CliS^JS 1 2] <7>S8^tc<fc)txtf, SMSrff 

■tzmm^&k, ffix&snmKit&mk. ±m&sm 

[0088] [i&#JS 1 3] J:*itf, ^4rffi 

&&tomT*ijam i ®ki:& c ffiLx t£<o, ±&m.m<<* 
[oo89] cis*« 1 4 ] (DKmic j: turf , ^t- 

Jc N ffc^<7>®^7yx^BE£r><6v^a{c?|f|E^Sr«i?^rs 
t m&t: 2 0 0 ~ 1 2 0 0t:iCifi^ L, _kfE£SC 

%y? xmftxmm-i *>-&ifmi-*:&® s-a-r tt v , 
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ss^nsft-rsAnSft^siSr^LT^artTb^, mm 

[0090] [fS** 1 5] consume .tnti, 111** 

^tjc^^flt^&iie-r s r t ic <t 9 , £SHt7K?i?cogi$ 
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